Coronary artery disease is the major cause of mortality in patients with systemic lupus erythematosus (SLE). Increased cardiovascular risk in SLE is not explained by traditional risk factors. We examined the hypothesis that genetic variation contributes to the presence of coronary atherosclerosis in patients with SLE. The genotypes of single-nucleotide polymorphisms (SNP) in 152 candidate genes linked with autoimmune or cardiovascular risk were determined in 125 patients with SLE. Coronary artery calcium (CAC), a measure of coronary atherosclerosis, was detected in 32 patients (26%) by electron-beam computed tomography. Polymorphism in 20 of the candidate genes (ADAM33, ADIPOQ, CCL5, CCR7, CDKN2B, CSF1, IL4, IL12A, IL23R, INS, IRF5, MIF, MS4A1, PTGS1, PTPN22, RETN, SELE, TNFSF4, TNFRSF11B, and VCAM1) were nominally associated with the presence of CAC (p-values ¼ 0.001-0.047 after adjustment for age, sex and race). Some of these are known susceptibility genes for SLE and others have been implicated in cardiovascular disease in other populations. No association withstood false discovery rate adjustment. Replication studies in additional cohorts of patients with SLE may be informative. Lupus (2014) 23, 876-880.
Introduction
Premature coronary artery disease (CAD) is a major cause of morbidity and mortality in patients with systemic lupus erythematosus (SLE). 1 The increased prevalence of atherosclerosis in SLE is not fully explained by traditional cardiovascular risk factors, 2 and efforts to improve cardiovascular risk prediction are important. While many biomarkers have been associated with increased risk for atherosclerosis in SLE, information on the contribution of genetic markers to CAD risk is limited. Most attempts to identify variants as risk factors for cardiovascular disease in patients with SLE have been limited to the study of single genes.
Thus, we undertook a more extensive candidate gene approach to more comprehensively test the hypothesis that genetic variation accounts for a portion of the unexplained cardiovascular risk in SLE. We selected polymorphisms located in genes implicated in autoimmunity, inflammation and cardiovascular disease (CVD) and tested the hypothesis that these variants were associated with coronary atherosclerosis in patients with SLE.
Methods
Patients with SLE (n ¼ 125), enrolled in an ongoing study to evaluate the prevalence and risk factors associated with coronary atherosclerosis in SLE, were examined. Details of the study have been previously described. 3 In summary, patients met the 1997 American College of Rheumatology classification criteria for SLE 4 and were 18 years or older. Coronary artery calcium (CAC), a non-invasive measurement of coronary atherosclerosis, was detected by electron-beam computed tomography scan with an Imatron C-150 scanner (GE/ Imatron, San Francisco, CA).
After literature review, 653 single-nucleotide polymorphisms (SNPs) in 152 genes (see supplementary online material for complete list), were selected based on relevance to autoimmune, inflammatory and cardiovascular disorders. SNPs evaluated included published candidates and tagging SNPs. The latter were selected based upon HapMap CEU subject data encompassing 20 kb to each flank of a given gene, using LD select (r 2 > 0.8, minor allele frequency >0.05). DNA was extracted from whole-blood samples using Gentra Puregene DNA Purification reagents and standard protocols on an Autopure LS instrument (Qiagen). Quantification was done with a Nanodrop 2000 instrument (Thermo Scientific). Samples were diluted to 50 ng/ml and genotyping was done by GoldenGate assay on a Beadstation 500GX instrument (Illumina).
Baseline characteristics in SLE patients are presented as mean (AESD), median (interquartile range (IQR)) or frequency (%), as appropriate. The association between presence of CAC and individual SNPs was assessed with logistic regression and odds ratios presented after adjustment for age, sex and race. A two-sided p-value of <0.05 was considered significant. To adjust for multiple comparisons, a false discovery rate (FDR) threshold of 20% was pre-specified. Analyses were conducted using STATA 12.0 (Stata Corp., College Station). SNAP (SNP annotation and proxy search; www.broadinstitute.org) was used to estimate pair-wise linkage disequilibrium (LD) between individual SNPs showing association within the same gene.
Results
Patients with SLE were 41 AE 12 years old, 91% were women and 64% were Caucasian. The median (IQR) SLE disease activity score was 4 (0-6) and the median SLICC damage index was 1 (0-2). The presence of CAC was detected in 33 of the 125 SLE patients (26%). Consistent with our previous report, 5 older age (p < 0.001) and male sex (p ¼ 0.03) were more common in patients with than in those without CAC, but there were no statistically significant differences in other traditional cardiovascular risk factors such as smoking, hypertension, or diabetes. Table 1 shows the 33 SNPs in 20 genes that were associated with the presence of CAC. After adjustment for age, race and sex, there were significant associations between CAC and SNPs in the genes encoding desintegrin and metalloproteinase domain-containing protein-33 (ADAM33), adiponectin (ADIPOQ), chemokine (C-C motif) ligand-5 (CCL5), chemokine (C-C motif) receptor-7 (CCR7), cyclin-dependent kinase-4 inhibitor-B (CDKN2B), colony-stimulating factor-1 (CSF1), interleukin-4 (IL4), interleukin 12-A (IL12A), interleukin-23 receptor (IL23R), insulin (INS), interferon regulator factor-5 (IRF5), macrophage migration inhibitory factor (MIF), membrane-spanning 4 domains, subfamily-A member-1 (MS4A1), prostaglandin-endoperoxide synthase-1 (PTGS1), protein tyrosine phosphatase, non-receptor type-22 (PTPN22), resistin (RETN), e-selectin (SELE), tumor necrosis factor ligand superfamily member-4 (TNFSF4), osteoprotegerin (TNFRSF11B), and vascular cell adhesion molecule-1 (VCAM1). None of these associations remained after FDR correction at 20%. The complete list of SNPs is included in the supplementary online material; Figure 1 shows the p-values of each of the associations explored in this study.
We performed a sensitivity analysis of the association of the selected SNPs and CAC, adjusting for Framingham risk scores and race, besides the primary analysis (which included age, race, and sex). Our findings were, in general, similar to the ones presented in the primary analysis and 20 SNPs remained associated with the presence of CAC.
Several of the genes including ADIPOQ, CSF1, IL12A, INS, IRF5, MIF, PTPN22, RETN, and TNFSF4 contained more than one SNP associated with CAC. They were not in very strong LD (r 2 < 0.80).
Discussion
To the best of our knowledge, this is the first study examining the association of variants in more than 150 selected genes and coronary atherosclerosis in patients with SLE. Our results suggest that variants in genes encoding several cytokines, growth and regulatory factors, and adhesion molecules may be associated with the presence of coronary atherosclerosis in patients with SLE. Some of these are known susceptibility genes for SLE and others have been implicated in cardiovascular disease in the general population.
Cytokines are small proteins that regulate cell signaling. Several genes encoding cytokines, including IL-4, IL-12a, TNFSF-4 and CCL-5, were nominally associated with atherosclerosis in our study. IL-4 is an anti-inflammatory cytokine, particularly important during aging, 6 IL-12a is a pro-inflammatory cytokine produced by dendritic cells, macrophages and B cells in response to microbial pathogens, 7 TNFSF-4 is a member of the tumor necrosis factor superfamily that promotes survival of CD4 þ T cells 8 and CCL-5 is a potent chemoattractant of immune cells. 9 The effect of cytokine signaling is mediated through receptors. Two SNPs located in genes encoding CCR-7 and IL-23R were linked with atherosclerosis in patients with SLE in our study. CCR-7 is a major conductor of immune cell trafficking during the primary immune response and is key in maintaining central and peripheral tolerance. 10 IL-23R is a common biomarker for several autoimmune diseases. In regard to CVD, the associations between variants in IL-23R and myocardial infarction in the general population have been tested, but no evidence for association with rs11209026 was found. 11 We found that variants in two genes encoding adipokines were associated with atherosclerosis in patients with lupus. ADIPOQ encodes adiponectin, a molecule with anti-diabetic, anti-inflammatory and anti-atherogenic effects. 12 RETN encodes resistin, an adipokine associated with acute coronary syndromes in the general population. 13 Two cross-sectional studies of the role of resistin in patients with SLE have yielded different results. A study of 159 women with severe SLE reported higher resistin concentrations in SLE than in 70 controls and an association with coronary artery calcification. 14 Another study reported that resistin concentrations were not higher in SLE patients than controls and the association between resistin and CAC was of borderline significance after adjustment for age and sex (p ¼ 0.06). 15 Colony stimulating factor-1 is a growth factor, regulating survival, proliferation and differentiation of hematopoietic cells of the monocytemacrophage series. 16 Its concentration is increased in lupus in mice, and increased concentrations of CSF-1 have been reported in active lupus nephritis in humans. 17, 18 Because macrophages are critical cells in the development of atherosclerotic plaques, and because CSF-1 also favors a pro-atherogenic environment and plaque development in the general population, 19 this growth factor may have a role in both atherosclerosis and autoimmunity. Four SNPs of apparent independent effect (low pair-wise LD) in CSF1 were associated with CAC in our study. VCAM-1 is an immunoglobulin-like adhesion molecule expressed on activated endothelial cells. It is critical in the development of atherosclerosis in the general population, 20 and higher serum VCAM-1 concentrations are associated with greater coronary calcium scores in SLE. 21 PTPN22 encodes a tyrosine phosphatase that is expressed only in immune cells and is one of the strongest risk factors associated with autoimmune disease. 22 Genetic variants of PTPN22 increase the risk of atherosclerosis in the general population. 23 Our study identified two SNPs in this gene associated with CAC in patients with SLE.
Recently, a total of 34 independent risk variants at 32 CAD susceptibility loci have been identified by genome-wide association studies (GWAS) in the general population; 24 the variants that we report in this study did not overlap with any on that list. In patients with lupus, variants in MBL2, the gene encoding mannose-binding lectin, have been associated with increased disease susceptibility, risk of infections, and atherosclerosis. 25 In a study of 91 SLE patients, those who were homozygous for the functional MLB2 gene (O/O genotype, n ¼ 7) had a seven-fold increased risk of arterial thrombosis 26 and variants in the same gene have been associated with subclinical atherosclerosis, as measured by common carotid intima media thickness, 27 but not with the presence of cerebrovascular, cardiovascular, or peripheral arterial organ damage in another study. 28 Our study did not find an association with variants in MBL2 and CAC.
The results should be interpreted considering the limitations of the study. First, the sample size is small for genetic association studies, and none of the associations reached a modest 20% FDR threshold adjustment for multiple comparisons. Therefore, these findings can only be viewed as exploratory, and replication of our findings in independent cohorts will be necessary. Second, although there is an excellent correlation between coronary artery calcification detected by computed tomography and coronary artery atherosclerosis found by pathology, 29 it reflects a relatively late stage of plaque development. Thus, early coronary events may occur in the absence of calcification, especially in young patients. Finally, while the contribution of single SNPs as markers for atherosclerosis in this patient population is of interest, the development of risk scores with multiple validated SNPs may have even better potential as a clinical strategy to stratify cardiovascular risk.
In conclusion, our results suggest that polymorphisms in several genes including ADAM33, ADIPOQ, CCL5, CCR7, CDKN2B, CSF1, IL4, IL12A, IL23R, INS, IRF5, MIF, MS4A1, PTGS1, PTPN22, RETN, SELE, TNFSF4, TNFRSF11B, and VCAM1 were associated with the presence of CAC in patients with SLE. The involvement of these genes is supported in part by published reports in lupus and the general population. Replication of these findings in additional cohorts will be both necessary and informative.
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